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(57) ThescteoBvegrowfttiorasemicxwAictor 
cfisdosed whOe iHevenfing oonce^ 
a grmrth ol Q SiGto epna)dal layor to form 

strate for growth is fittad. a substrate toiif^^ 
10 esa cSsOane is mdiafeBd onto a surteo of 0ie 
atetiata^andrtheirnadiatoiisMMbflto Rg. 1(a) 

tore m forinQd cm an OBdde film. Chlorine Is 
fherelsy remvring & atonns on the oxicle flbn. Thesa 
steps aie repoal8(iy peiformedL lhareliy fonn^ 
epilGbdal liq^. The substrata tenrpamluia 1^ 
550 X, Iriadlaficn of disibm anci oermarw and inacia- 
lion oi chtoiine ere repeated!/ pertorined. thereby fomv 
ing a SiGe eptedal layer. Whie ksQplns the stteMe 
tenperalure at 550 dteilane felnadifittad. Iherti^ 
fonnhs 81 cover ia^er. ITiesitetretotemperi^ 
«aled to 650 -0 and the a 8i epftaxiai layer formed by 
the same steps as those for the formation of the former 
Si epitaxial foyer. Ihe epHaidal step fo repeatedly per. 
formed sMaify. theri^ fomiing a SiTSiGfo Gi4^ 
strudura. 



Rg. 1(b) 
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Dosofpflon 

Bacionwid oftfie Imortfon 

ThepreGMinvQnlicmralatestoamdlM b 

toa m^hod for selectively gnx^ 
conlainnig Gffioon Old oermanelifn cm 
iQlno an Qplasdai giMh tedm^ 

AadeclhraepftajM 
se m fao n rtUc l ui fim onaEurfaoeof aginglecrygtalaAh 
state poilion defined by an Qpenfno ol an 
torrned on tie eil»lri«e. t has been reported tt^ 
epfta^ orowth of fitt eSioon fim contain^ 
gerinaniiffn acNeiwj by a mettvd to 6iw^ 
oasas wwaaao astBragrewftmdbyameihodtoriter- 
nato^ peifDnn a 0mli elep for 6tj|)^^ 
tor a gniMrth and an eWng step tor Gtivty on V 

In Japanese lid(K]pen Potent PU)IN:e^ 
189619. such a method has been proposed that a 
9Qwfli step and an etching step are a fteritttdy 
repeated Mlwreby a effiom eptta3dal layer or a cilo^ 
1^ oontahing gemianium is GetecSvely gn>m 
c«k»fiy. a sfficon sitetiale partis^ oov^ 
con C9dde fin la filled hto m ufaa mum 
^imlcal vapor deposSon^ 
maxftnmi atlalnabia vacuum of 1 K 10"^ Tor^^ 
ahffv crt the GU)6trBte is k^pt at TOO and biaciatta 

( Si2H6 ) fx 60 seo. and ina(lalk)n of chto^ 
Oasaieaftern^perfoniied. itereby selecfively grm^ 
big a sSoon eptodal layer. AoooRf to M itove- 
desori>ed rnelhod. dl^aane and oermane ( GeH« ) are 
smAaneous^ Ga«pM, whereby a silkm 1^ 
toinino oermanbm can be seieotively gnwm aoGonfinQ 
to a abnilsr metod. 

Next a manitfasture or a Ight reoeltffaig device for 
13 lim band us^ the selective epiiasdal growtfi 
melhod recited in the foregoing gazette m be 
desoribed. A sectional stFucfajre of a Gdhtreceivfa^por- 4P 
tion of the Gs^ reoeMng device for13 |im band is 
shownin Rg. & The ight receivino portion tfiereof has 
a si4>er blfioe structure that a siBoon qpiiax^ 
and a silicon epfabdal layer 4 contaMhg geiniank^ 
aftemalely stacked upon anolh^. The reason wtiy the 4s 
s^>e^ latfice stnjclure is adopted in fte light reoeMng 
porion of the Qght rectiving device is that a (fistortion Is 
relaxed by irtorposing the siicon epHmdal le^ 3 tfieiB- 
t)etween In order mat no defects are created in the 
sif^ertattioe. AconoenbBtionof gemianluminmesBi- so 
con epitaxial layer oonlainbig germanium suttafale for 
13 |im band is 50%. 

Aside surfaoeofffiedoflce and an if)per surface of 
asingiacrystalsffioonsUbstmts 1 arecovered wflhasil- 
Icon ooddefam 2. and to ighi receiving portion Is selec- ss 
tively ^mn in an opening portion acconfing to a 
processing sequence as shoMflfi in Rg. 6. Ateriveralure 
oimesUiGtratel is set to 700 «C. and cfsOane of 10 



8CGM is inadfcdfid tarfiO aofr durliHi tie orowAatepof 
fhe sfBoon epilDM toyer 8 and dilorine of 1 GGCM i^ 
InatfctfedfarlScead^fhae M ii y i rt^x Moreow 
dtelane of 1 80CKI and gennane of 20 SOGM aretoa- 
dlated for 60 sea during the growth stop of the sfioon 
epilsdal layer 4 oontoMng gennanium. and chlorfne of 
1 SCGMtsbfadtatodiorlSeecLdurir^fteeiohinQslepi 
Ihus^ fhe st4>er lallioe Binjclure of a total 
as lan setecHvely tonmaii vMch Is oonaOutod by 
altemafive^ stoddng fte sicon epIlndBt layer of aooo 
Amd fie sBoon epila)dal layer of 100 AcontoMng gv- 
maiium upon another by 10 (^dea 

In the above described oonmtfional method, too 
eteNng step Is peffomed fay Stopping to growth atep 
immediately balm i bacoines in^poseUe to malntato 
to aalecto groarth lor to oonOmous growtfi. For tils 
foasoa «ton to etohMo Stop is be^ sffioon tn» 
been already 9Qwn on to BDoon QBdde f%n to a chister 
shape CO that In order to ekh with a chlorto kiBdMon 
etefiirtg must be perfbinwd at a t^gh tempetature of 
about 700 or more. It bec om e s dg faifttoremoveto 
siSoon on to sffioon OBdde fim perfectly below 700 
llw tidotoiesaof toaBiDon epItGD^ 
setecttatr grown raduoaa and to Mfitoiess torwf Is 
at most about 1000 A at a tenfMrature of 650 

Sinoa to silidon Sfritaxlal 1^ contaling genna- 
nium irtorendy irwolves dstortionSk condensations 
oootf when It is grown at a hig^ tonpenduvB. Defects 
are doadvanlageously created to to fim A tenpeiB- 
lure wton to defects are aeatod daiBfs dependii^ on 
a gennanium concerttalkxi to to Gftxxi apBaxlal layer 
containing gerinanfcm to case of a sfioon super latioe 
oonlainbig germarihin tor a I ^ |im band Vefht lecervir^ 
devtoOb to gmianium oonoantralton is 60 %, and «ton 
a growto tompeialm to made above 550 ^ to 
defects occur Itoreover. when it is sBposed to a fem- 
peratore as 1^ as 700 -C after the eprtasdal growth, 
to oonoentrations ^ occur eo tat to defecte we 
created. 

llierefoie. vton to 1j3 |im bend ight reoeMng 
portion is ionned by to oonventtonai aelaclive (puwth 
melhoitdefectetfecrealedintoslllconeptoDdailBysr 
4 c oi <ahi iim gernnanlum. Hierelofe; a quantum effi- 
dency of to Ight receivtog ctovioe to aa low as about 1 
% so tot a receiving device Ota Wghp e r fan n a noe 
cannott)eprDMded 

Summary of tlie Invenfion 

Ihe otieGt or to present iRvanftn is to provide a 
rnanufaclurtog method of a senftxnductor device which 
is capable of obtaining a eeieclive growth sBioon epttax- 
iailaver of a Guffident Wdeie^ even at a flpowth tem- 
perature below 700 *C. 

Another otsfect cf to presertf invention is to provide 
a manufadurtog melhod of a semkxNiduGtor device 
which is capaUe of growing a silioon epitaxial layer con- 
latotog gerrnarftjra to a super iBOioe stniclure witout 
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AmeOiodor iianufacturing asen^^ 
of i^e presam hwenta eni^ 

a grottrth step and an ctthino^ are repeated 
bi^epeiicxf oftheoroiy^ 
rtwrter tian In lha oonwnfional m 
tiorai mamo4 the growii dep IB oomplolad 

adtenm clarts. In the manu 
iooixlu rtordfl vioaoftwpregemin^^ 
c^teptemnpleted before a Gffioon 
or germanvm l8 grown on tie 8iEm OKUa 
dustershapa The period ima the sioonflmoo^^ 
^^conorc^rm^^ 

appraKbnelelylA of a period una ttieeefifcm start to 
Vowasa-polycryeMineliii. 

Moreoi^er, iirtien a BiBoon fi^per latfoe etniclure of a 
iflW rooehririo porion coniai^iB ett^^ 
nfianu«acb*9d,aflpnowti 

«al layer oontainirig oermanium ia eat to a tenv^^ 
oo n cen b ationsoocurlntWsepaaxialfc^, 
^'ocncalV. the growth tenperaim 
tanaJl^r^oom^^ 

te6& In adMooefeo in lo^^ 
tetell^f^^ coriialni^ 

stwed tiebre germaitiuin or aiSm ia 0^ 
tor 6h^ and etching Is perfcxmed. Then, twteyerfe 
etadod ahemativQiy i^xm the aOoon epitaxial layer 

6 groM ivider the aboim descrttxed ooridlion^ 
thereby complegng the super taUoe einiolure of the 
present fcwenfiqa 

When thia SMper lalliM einiclTO la 

the griMih of tfie effloon «ptexW layer is oonitalad 
under the tjIkMlngoonditiona. 



( 1 } The i^owlh of the G»oon epaaidal lE^ is 
tonnedata toffpeialLreor600«Cor morewhkii is 
higher than that of ttiegrMihleihperature of the ea- 
ioon epfta)dGd layer containing gemiartftm After t^ 
growyttiotttiesffioonepitodrit^c on l B&B^ Oer- 
manlum. sicon cover l^ere shoiM prvMb^ be 
gnMm fay eemi atorn iayere virile kaepfa^ the 
tamperaiure to 1M of the giowih of ffiis sHcQ^ 
todaf layer iwhen it Is growi, and. after that, tfie 
tenperan^e is increased to 600 or more, 
thereby mowing the saicon epitaxy layer, 
( 2 ) Aftemately. the sScon eptedei layer and the 
sUfeon epitaxial M/er contan^ gemianiuni are 

formed at the same gnMh tempeiaiure^ and uttfB 
violet racSatkin is perlonned after ooniMon of the 
aching slef^ in Older to promote a reaction and to 
remove chloride and chlorine. 

Dfecrtoing h more detai the technical operatic 
the presem invention, states of segregafion of the s8l- 

con on the sflioon oxide fflm 2 prowded on the sir^e 
cryelaf siiioon subaliate 1 are shorn in 7( a ). 7( b 



)and7(c).OiBitael8deoon«)06edande{&malom 
attacfi to 0)0 eioon CDdde flbn afiKX^h ffiey attach 
thereto fiieciuen^ teea ffian tothe sir^ crystal aOoon 
«*»tmte 1 ( Fig. 7 {a » . As Ime iioee bit ftefrtta^ 
5 fies inoraase 80 that eBoonotatanB 7 « fanned (Fito* 
^ b }). Thereanei; a poly eSoon nuoleis 0 la fbrmed, 
fltafflbydealffvlnafielecti^ 

fanal riielhod ta the one to which an etching step is per- 
fonned for fie aetectivo gnnvth beim the growtti of the 
10 polysSioonnucleuaaThaelGlifiglspoesijteontyata 
temperature of TOO •Cor more after the siBcon atoms 6 
have o n ce tun n ed toe eiioon dusters 7.Howwer,tolhe 
stetewherea s togteatomSaBBchestothefitonftdde 
flm 2 as shown to F|g. 7( a II la possUe to peribrm 
If rnmalfinomthesiBoonoiddeflmabyoant^^ 
cfteine Mn at a temperature of TOO or less where 
nofifficon elohtogoocurs. Fbrfltisreasoafay shorteniiHi 
tfie perfod of the growth step to one cyde. seiedivl^ of 
toe eK^te)dd giDwto can be tooreaaed. 

» Fl0.8feaonaphshowtogafelalkmbelweena 
grmthfrnetatoonecycteandanaocumutafon^owti 
ttoi^ a^ the sdbstale tenpectiure is set to 700 ^ 
^ritoyoflOSCCMbeiypliedtothegioi^ 
cfiangtog toe gRMrth time to one and ddortoe 
ss of 1 SCGMistoadiatedfor iSsecondsof theelchfa^ 
fime ^ to toe filching etepi Moreover. F«. g a troh 
showing a rel^on between toe growto ime ^ to one 
qfde and the aocumuiation giowto ima una the eetoo- 
five growto is destroyed, when the stibsliate ten^iem- 
M toraisaettoeso-CandolhercondHtonemtheeame 
a8toeGaaeofF|g.& 

II toprcifed that taider the ooncifion of toe sUbstiate 
tenperatiffe of 700 «a the selecfivily desto]yed after 
90 seconds. As the ttoie of toe gmwto siep is mufe 
99 shorter, the aocumdaGon tme when toe sdecfive 
Tcwfi can be performed te prdonged. The aocumuto' 
6onfenefeetor tfi c af<l y prolonged rfter passage of 40 
seconds. This toples that because toe sBoon atoms on 
toe sfitoon oxide fim tdrms no dusters betore the paa- 
40 sageof^OseoondstheslfeonatomsareeasiVelched, 
and the dioon atoms are not Hafate to be etched after 
formaHonof the dusters. Then, when the growto tine to 
one cycte Is shortened to 30 seconds, a aentftienna- 
nent selecGve giowto can be performed. 
« This tendency lieoomes more lemarkafate at a 
growto temperalure of 6S0 <^ Under toe condrlion of 
toe subatrate tenperatore of 6S0 the sdecfivl^ to 
de^^ after passage of 120 seoondSL ItoOka the 
oomffion of toe substrate tompeiatore of 700 "KX the 
50 aocumdation time whereto toe selecfivegrowtocvi be 
performed la not prolonged so much even wtien ttie 
Towto step lane is shortened. However, the accumtia- 
fion time ¥rhen the selecfive growth can be performed is 
signfflcanfly prolonged after the passage of 60 seconds. 
55 andtoesetedivegrowtoGanbeperfoRnedsenti^enna- 
nentty. Romsudi fact, it is founded toat alter the tbrma- 
toi of tfie dusters^ the ailoon atoms can not tie etched 
at the substrate tenperalure of 6S0 n:) and toe silicon 
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atoms cm be elched «l tfie stiidmto teniMffilm Of 
6S0 <C beim fie tSoon atoms iDm fie ckBin 
cbetoisare not fomwd tor lA of at toeslfieflme when 
fie eelecfMly deelTiyecL ft Is toi^ 
peitomned far fnt perf od, fie eeiecfivtty is kiomesed 

Moreover, whenfiesiikmsiperMtoesI^^ 
tie IgM leoeMno portion obnUi*i0 «e^^ 
to manutetored, fie epita^dal graivfi is perfonrned at a 
grmfi tonperature of 600 «C or tosseo as not to create 
defecte to fie sakm epBffidal layer oontaidng 
nfajm. tofiuchcaseiaprabtomofdeiaGhmentof dforine 
atoms absorbed on fie surtooe of fie eptodat 1^ 
after oormd^ of fie etoNno 8^ to produced. SInoe 
gerrnanhmi etoim tieve a funcltan to prornole deiacli- 
ment of fie ctfortoe atoms abeoibed on fia eptodal 
tayer. fie ohtortoe atoms on fw cioon eptouM IG^ 4 
oontoining SO % germanJun can be detached even 
betow 600 -a However, to Older to detadi fie dfortoe 
atoms on fie effioon epaaxtall^ a tonperaftim of 
600 *C or more to necessary. 

to fie fnrst aspect of fie present tovenlior^ fie sM- 
con epHaxtol layer oontalntog germantom to vowa 
Before fie temperalm to etowatod, flie Am oover 
togfer to grom by asveral atom layeis. Ilie reason wly 
stidipiooesseeBreadoptedtetopreverffieaeafionof 
fie defects on fie sgkaxiepaaadaltayercofi tei nu^ 
nnenkmiewan wtenthetervperelifl^iselet/atedtom 
^ CK mora Ihto to tor prevening fie oemmtom atoms 
from betog expoeed on fie upper most of fie Gutoca by 
giw^tfies«oonla/w 

germantom atoms on theeurface can tie oontnoUedL and 
a>ndensi«ons of fie eScon eptaU toyer oontaton^ 
(^rniantom dM to an toorease to a toripeialiHe can be 
empreeeed Moreover, detet t omlfari of ftamess of fie 
effioon ipitaxtol oontatotog gennantom due to an 
etovaSon of a tanpetature and fie oocunenoe of fie 
defecto can be prevented 

Moreover, in fie second aspect fie present 
invenfioa fie groivm of fie siltoon apftaxfal 1^ 
tormed at a tonperatuie of 600 or tess^ ml an iflia 
vfalettoadtofionstepfeperfanned ane ifieetoli&iyUepi 
whereby fie dfortoeatomsabsorbed onfieeitoon sur- 
toce can be detached. Rirfieraiore^ a reacfdn of fie 
si Bo on atom s on iheslKcon oxide fimfepromoted by fie 
ultfB vtotot to^iatton. whereby fie removd of fiem to 
toaetotomnatalowtenperatore. Moreover, ffie ultra 
vtolet toadiatton to perfonned afeo at fie f me of fie 
CFOw^ of fie siicon epitaitfal layer oontotob^ 
nium, fie removal of fie chlorine atoms on fie euifece 
of the effioon epitaxtol toyer oontalntog gennanlum can 
be realized wWi a more security. 

As desortoed above, fie occurrence of fie defects 
to both of the sStoon epitaxtol layer contointog geme^ 
nium and fie sificon epitaxtof layer can be prevented, 
wheretqr fie sIGoon sMper tottioe structure contatoing sil- 
toon^gennarnumwifiagoodqualty canbereaized. By 
appl)^ fito super lattice structure to fie light reosMng 



dei^aft^raofiMigdei4Qewlfiah;oh<|ittntomafi- 
ciercy can be reefised. 

.Brtflf Da8cr^pfonoifl^eDna^^l^y^ 

ff 

For a more oonislete undeielandbig of fie preseif 
tovenfion and fie advantages fisreol reference to now 
made to fie toSowtog desoi|)fon taken to ooniuncBon 
wMi fie aooon|nrqflng dnnKngs^ to wifch; 

Figs. 1( a ) and 1( b ) are secfonal vtowe showing 
growto Stops of a sUbstratei tor oifMitog a fiat 
entoocfiment of fie present tovenfiorc 
Hg. 2 to a vfewehowtog apiooasi^ sequence for 

fs ei^MrfrigfiefMentocfniertandafMeNw^ 
Figs. 8( a ) to 3( f ) are secfonal vtows showing 
(rtwng steps of a aubstratsi far 09)lalifng a sao- 
ond entxx&tierf and a second eaornple; 
Fig. 4 to a vtow showtog aprooesstog setiusncetor 

» ea^piatoingafitolenfxxfnwnlandalhlideoGanip^ 
of ttispiesenlinvenfon; 

lig.5toaeectfonalviewcrfafghtffeceivtogporfon 
of a laoeivtog dMtoe; 
Fig.6 toavtewslioirfnga conven&Ntol prooeoGlr^ 
ss sequence tor manutocturfng a Bifierlalfce sfuo- 
lure composed of a saloon epftasdaflayer and a sal- 
oon eptobM li^ oonlatoing gemaiiium: 
Fig. 7 to a secforad view mustralive of an opeiafon 
orvos flwenuon; am 

so Hg.8and9aregraph8inu8bafveofanopeiaionof 
ffstovenfon. 

OeMed Deecrfplton of fie Pretoned Entocfinento 

» Bifao d imente of fie present tovention will be 

described wifi reference to fie aoconpanytog drawtoge 
below. 

I rssi crnDoaunem J 

40 

tolhetsst enixxftnent fie cttoslrato tobe gnown to 
covered wfth a sftoon oodde fitoi 2 as shown to Fig. 1( a 
X and fie singfe crystol siEcon eubsMe 1 to SMposed 
on fie bottom |9ortion of ife Qperting, 

45 Hie selecfve epftaxietf growfi Is peribnned by a 
method to repeat a growfi step and an etehtng step 
aooordtog to a processing seqi^nce shown to Fig, 2. A 
tenperaiureor fie sub6lmtotoaettobe600 •Cor mors, 
far eoeamptaL 650 *a 8lane or dteOane to inadtoled to 

so fie growfi step onto fie Bttebate. to fiaetohtog stop. 
cNorine, hydrogen chtaride or dilorfne radical to toracfi- 
ated. fieretiy lonning fie sffioon epitaxtol kyor 3 as 
shown to Rg. 1(b). 

The growft f me tQ to comptoiled before fiSicon dus- 

55 ters are fanned on fie efltoon C9dde Hm. The growfi 
fmetOto l^offiefmeunafieselecftfttyfedestooyed 
when the epitaxial growfi to almost conSnuously per- 
vormao. 
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This enri)0(SmQril can bd nxxJ^ 

8i6slitftoUai|)<itt!urei6settpe00^orle5s^lbrqw 
|4e. SO *a Mar ooinpMDn of ii0 «kMig Gl^ 
vfcM fay is inaOUed orto tie «wfm 

be hM^ slioon on the GiBoon QkkSa fBm 
ttte opAudal layer can be remcii^ 

[GeoondBrbocimenl] 

19 

Hie eeoond etribodunenl relatea ta a ftonnafion 
meM of a lohi leoeiviM |K)rfion or a ^ 
devica The sifffBce and wto cwlaoe of to 0^ 
strate off the receh^ porfion are oiimd «^ 
8ificonQndtofim2a8 6hominFi9.S(a).The8mi^ is 
oryslaleubGtratel la CD^osed In fte bottom of R8 open- 
hTg.Flret>fie«tehai e leii yew tarete» 
nm^ iv flacanvile. 6Sd Ihe growti atep fcr fr^^ 
ihg disitane or alane and the akMig etep fer 
ddorirtekfiidrogencNorftleordil^^ so 
loniied repe^edy, tor«by aelecfi^ 
oon epitaxial layer a as shewn in Ho a( b }. 

Thereafter, the ten|>ei;atiffe Is loi^^ 
iess,fcyexanvie.sgQ^>tfwhkiinooonoeiifc a liut m in 
the aiiicon epitaxial layer a)nlsdnC^ 25 
"Rie gnjartti atop for ina(ia&« dififlam 
0»nana or cfiifemiane and elchino step ara 
fumed repeatec^y. thereby forming to 
1^ 4 as ehown In Fig. 3( c ). Sam germamHan atoms 
on to fiurfaoe of to substnalehe^ to detachment of 30 
chiorhe absMbed. to effioon Gpia3daf layer 4 contain* 
lnooern«nium has wiabaity to detechcNofto atoms 
even at a temperature of GOO -C or less. 

Naxt arhle kaeping to ianpeiature of to aub- 
abrate at to time of formation of to aaioon epBaxlal as 
layer contaMig oermsviium InmWe. dtetana or 
fiOane la ImKfiafted, thereby epitaxiafly orowing to sli* 
am cover i^ Son the aloon epitaxSai layer 4 oontaai- 
«ig gennanitaii as shown In Rg. d( d ). Thea before or 
atler to ebiiing atopi to groMTth temperatufB is ele- 4o 
vated to 000 «C or moie. for exampla, 650^. topieby 
forning toaSoon efitodGtlayv 

The foregoing epIlaxM growth is repealed a phaal- 
ilyoftimes,fora9Qtriailetitentlnfieablhere^ 4s 
Ing to aiEoon super lailioa afrudure contiMng 
encon/bemianiunn of a predeienntod tostoieaa aa 
shown in Fig. 3(f). 

(Thkd Embodiment] 00 

Also to thiid entMdinient rotates to a Itarn^^ 
metodoftoauperlBttioestiuctureoonyo se dof to 
sillDon epBaxiaf layer oonta inl n g sSioon/lgermanium. In 
this embodiment tolgWreccjvfrigportiwfeformed by ss 
repeatedly pedormnig a growth atefx an etcf^ step 
and an ulira violet ifiadiafidn Btep aooocding 10 a gr^ 
sequence ahown in Fig. 4. tharetv forning a fght 



reoeMngpofion. 

FM, a siGoon epilaxtai layer is eeiecfiv^ flpown at 
to same tenpeiature 86 a growtti tanpeiattae ( 600 *€ 
or lea^ for ocanpte. 5» ) for fomiing a sffioon ^ 
taxUlq^contaiiiinggemiankaii. Into^owthsl^ 
tifam or cS&Bane Is Irtadfeted, and in to elo^ 
chlorina hydrogen dMoito or Mortne lacfictf 
atad. In to entadtaiarii airioe no dilodne attached to 
a aaicon sufBoe detaches thereftom at a low lenpere- 
lure, after to aching GI4} for iRBdtafiiv etclatf lika 
violet ray la Inadiated. toreby citato damson tosl- 
icon qpftaxlall^aredelached. For todbavfotelw 
todtedtoa a meiouiy lanp of a wm^^ 
cloee foooatlnafion enecgy of 8M canboiMd. 

Thereato; at to gnwih tenpetjaiure of eoo *C or 
less, for exanvslek GSO •a to gniwth temperatiso for 
nadbdhg germane or dHiennanQ, to 
InnsdFatatg chtortokr Ivdrogen d 
cal and to ufflm violet ray Iriadi^ion are repeatedly 
farnet t toreby fom*ig to aOpon aptodal. taver 
containing germanium. 

The aboyedescdbed epftaxlal grewtfi la r^ioate^ 
perfomiedaplurelityoffimea^^aothBtaaioonatiperlat- 
to alriclure conlaihing sflioontoemB^ 
temtod MAnesa is manufacairad. 



Next, examples of to present indention wBI be 
desortod witti reterenoe to to aooompanyftv draw- 
ings 

(Firet&araple] 

In to axanple, an UHVCVD apparatus wNch is 
capable of eadmsling to air to an lAra high vacuum of 
1 X 10^ Ton^ was used, thereby ffowlngtoBfflocH) epi- 
taxial layer 3 on to growth aUialrale diown In Hg. 1( a 
). as shown ^ Fig. 1( b }. The setective eptajaal gRMVth 
was conducted at to gfowaiteni|)eraluva of 050 *(a h 
togrowthtsnperatMre^ thegrowti tlme^waa4^ 
onds and dMaia of 10 80CM was faadtatad. In the 
aiding atep^ to tfdhihg toe te was 15 aeoonds and 
cMoriheof 1 80CM WB8 Inadiated. 

^ repealecfly pefformbig to growth step and to 
etching ateix to aBioGii epiaxial le^ 8 can be sdeo- 
fively grown to a ffiiclaieas of at least 8 iim. THs ciloon 
epitaxial isryer has to ttMnees more totfi 30 imes 
compared to that of 1 000 A gRMwi by to oonvenBonal 
moinooL 

[ Second &(an^] 

The substrate used for to 9ow1h shown in Hg. 3( 
a ) was fifled to to UHV^CVD apparatus wNch is to 
sameasthatof tofirstexampia the substrate tenper* 
ature was ael to 660 and to growth etep and to 
etehing step were repeaterfiy performed, thereby 80160* 
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flvGfy growing me sncon optoTal 1^ 

of 200OA(Rg.3(b)). kittle gpoMfmelqjidfellm 

TliewBlier.the<ij| fe hM toto t|jtfj d^ 5 
550 aiid Ihe fiOoon qpltEDdal 1^ 4 oom^^ 
nnanium of a)nGenlre6on 50% wasgrown to afhi^^ 
of 1(X) A by repeefirv llie gnMdh step and ttte 
6tap(Fig.3(c]). InihegfOirhsl^v Aiaiiaof 1 8^ 
andgennaneof20SGGM«Herttkia«aMfera08e&^ to 
ords. and in tfie elcH^o stop iMoraie of 
innadlatQd for IS seamd& Since the germ^ 
on ttieeurlmtMlp 10 detachment of cfMneabm^ 
the sffioonopttaidal layer 4 containing gmtttik^ 
detach the chlorine atoms ewn at ra)»a $6 

r^aKt. whSe haeping ttie otelnate tenrpei^ 
550 tfisaane of 5 S(Xayi Inacfeded fbr 60 800- 
onds, Iherelv qaHasdali/ gm^ 

Sonthaea io o n cpilaKfaifayer4conl a l*H l f| W " M ^ 

F|g, 8(d)). Then, the siteftatdtomperatuia was ela- 20 

vaM to 69(> "a and chloiine of 1 80CM was vracMed 

tv 20 seconds^ thereby perfomiing alc^ 

ttie na4 dicon epitaxnri layer 3 was fonned to a thick- 

iias60faoooA(F^.3(e)). 

Tlie above deeoted epitaxial 9uwtti ma repealad s 
ten limes* and the eatoon sMper lanioe elructura oonUv 
ing effioon^bennaniimi Im aom deliM 
nese of 2^ lim ootiU be fanned ( Bg. 3 ( f )). 

A (Mrtfum efficianqr of ttie Vdht leoeMng doMce 
tormed by ftia embodlmenl is 10 resuKng in a « 
ramarkabie improi^ement of iiat of the oonvenfonal 
itoht receiving device ofl %w 

[TtMEnixxfrnent] 

as 

Also h ttiis embodment ttie same gmwtfi ^]pm- 
and th e came sttehata for awgrow^aa the ^ 
aatediment were iMd. Aooonf ng to ttie piYxxs^ 
aequenoe efiown in Fig. < «ie aitetrato temperature 
was set toSSO^C and tie siBcon epitaxial l^wasfiret 40 
tormed to a ffMness of 2000 A to the growtti i^ep. 
saaneol 20 SCXSM was hadiated for 40 seconds, totlie 
Aching atep. hydtogen chlorida of 10 SOCM was nadi- 
alod tor 30 seconds. After oonpletton of the elcNng 
stop. tJGingttiemefaxylanpiAra violet r^ of a «^ 4s 
lengtt) ^40 A nvas Inatfated tor 15 GBooiidSw wheraby 
detoching cHortoe atone on the sifioon epitaxial U^. 

Thereafter. wNto keeping ttie subsMe tonpera- 
tura at 550 the sSoon epitaxial layer oontatotog ger- 
aiarvum of gemiankim concentration SO %vi(Q8g}own so 
to a tWdTOSs ol 100 A by rcpeatecfly pertoming the 
gnowth ste^ toe aching step and the uttia viotot nv ina- 
(Sationstep. to toe growth step* sitae of 5 8CXM and 
gemianeof 20 8CCMwaratoacSBtedtor40 second^ to 
the etching stepk hydrogen chloride of 10 80CM was ss 
toadirted for 30 seoonda Thereafter. uHia violet Ifia- 
diatipn was perfonned tor ISseoonds. whereby cMorfne 
was removed ti% from the surfaca 



The above described epttajdalt^nwto was repeated 
tenfmee^andthetftooneMperlaUoaslnicliaeai^^ 
tog siloontiemiantom Iraetomdefecte havlr« a fftt* 
neee of 2^ fun oouW be fornied. Ateo to tWs 
eritaf ment aquanlim afticfency of the lUht raceM^ 
tfevtoa is 10 and it was prmd toat the quantum elfi- 
dency can be enhanced by tan times toat erf toe convon- 
ionalightiaoeivhgdevtoeoff 1 

Aa deacrtoed abcwa aooorvfing to the manubctor- 
tog melliGd of iia present tovenfion. to the qsilajdal 
groMto to wHchttiegrowth stepand toe etching stepara 
attemathrely pertormed. ttte growto step to ooni]iflBd 
before the grawto materia to grown on the tosiidftig 
fam h a duster shape; whereby toatNcleMsof ttia cpi- 
«dU liQW siocepSbte to ba 8etodh«ly orovm can be 
rarnartotf^y Increased. MoiaoMi; to the rnanutocturfi^ 

metood of toe presem InvenHon. ttie epilaxtol (FovM 
the sgQon layer con talfi i i g germanium Is pertomwdata 
towterrpenMuretowNchnoooncenlrartionsoocurtotois 
epftaxlal sHoon Iiq^. Theratora. toe sttoon layer con- 

tamg gemranitan can ba tormed as a toyar free from 
defecte and toe seiecfiva Qfowto of toa siScon 6i4ier tat- 
tioe stnidura oonlatotog etfioon^aermaniun tree to)m 
defects can ba realndL rasuMag to a si^toRicant 
increase to the qiamlun afficiancy 



1- Ametttdo fmanatacturingasentondu^ 
ooinpvistog! 

aetocth^V fomitog a auper talltoa atoiclura ori 
astotfe crystal s B oon pa rttalycovaradwito an 
tosiriafing Aim, the super latlioealnjclurabafr^ 
consGtotedby one of stoddng a sficon epftaxSal 
layer ufion anoOier and tftemaivaly stoddng a 
sScon epitaxial layer and a sSoon epteM 
1^ corttalntog germanium. 

wherein toe eptodallE^ is lomied by 
anemailvely peribmiriO agrowtostep tor inadi- 
afing growto malartal gas and an atohirv stop 
ft}r irracfiafing gas oontoirftig cNortoei and a 
period tor toe growth steptesetto 1/3 or toss of 
aperiodwhk^hisnecessarytodestroyseleGlhr* 
fty to case wtiere too growto step is oonlinii- 
ously performed. 

2. The mamitacturing method aooordirv to daim 1. 
wherein said sBioon epitaxial hvar to foniied at a 
tycwtotenperatureof eoo^Cormora. axoepltora 
portion tonned rfiradly above toe sSoon 4)iiaxtol 
layer oortodntog germaniuni 

3. The manufacturing method aocordtog to datoi 1, 
whereto the dDcon epftaxteJ layer containing ger- 
manium Is fonned at a growto tomperatua to which 
no ooncentrafions occur toereto 
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4. llie tnanufEKturfng mtfhod «ooQ^^ 
whmin after fie dioon ^ptadal layer 
gmvnlumiBiofnietfatalBnpm^ 
ten. a IHn slioon qpttaxial layv is foimd wfffe 
topping fhotenperalurefv fornix g 
epHaxial l^yer poi4am{ng gennanb^ 
silkxm^paa^ tayar is fanned 
tenparaiWB to 600 X or atXML 

& Tlw manufBdiMfng meSiocI aooow flng to daiin 1. io 
«hereindilorfaeim)leate. 
acUas or Marina radfcais is iRwfiaiad onto ttia 
aiMiato in flia aldifam alGpi 

6. The manufacturina malhod aooof^ 
whaiain fia aflioan ^pitaidal layv 
QPHasdal Iqiar f»mBiitt« ga^ 
ttie aame gnMrth tenqpaature^ and in a flomiefion 
alep of Itia ailioon «pitBDdal layac at least ultm ^ 
m is Inadlaffid onto a aurfaoe of the aitetate 
betpre ^aitiio Ihe growth atop after oompielvon of 
ttie alchino alflp. 
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Fig. 1(a) 



Fig- 1(b) 




1 • • • SINGLE CRYSTAL SlUOON SUBSTRATE 
2* • • SlUOON OXIDE RLM 
3... SlUCON EPITAXIAL LAYER 



8 



eP08S810tA2 




c 



s 

8 
8 



tXJ 



UJ 

I 

CO 

5 



lU 

z 

X 

o 



g 



CM 
LL 



2 




Fig. 3(a) Fig. 3(d) 




Fig. 3(b) Fig. 3(e) 
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Fig. 3(c) Fig. 3(f) 

4- • • SILICON EPITAXIAL LAYER CONTAINING GERMANIUM 

5- • • SlUCON COVER LAYER 
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